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Socioecology, Predation, and Cognition in a
Community of West African Monkeys
W. SCOTT MCGRAW AND KLAUS ZUBERB€UHLER
The Ivory Coast’s Taı¨ Forest is home to a diverse primate fauna, including
eight monkey species that interact daily with the environment, each other, and a
web of predators. These interactions have led to an array of adaptations, some
of which conform to theoretical expectations, and others are at odds with cur-
rent behavioral ecology models. In this paper, we draw on ﬁfteen years of obser-
vations to examine two central issues. First, how do broad trends in diet and
resource distribution inﬂuence group size and levels of sociality? Second, what
mechanisms are used to counter pressures exerted by the predator community?
The general picture that emerges is that while the pressure exerted by predators
at Taı¨ has led to a host of behavioral and cognitive adaptations, it is food prefer-
ences and foraging habits, not predation pressure, that are the main determi-
nants, not only of group size, but also its direct consequences - mating systems
and sociality levels.
The Taı¨ cercopithecids are
descendents of migrants from central
Africa that became isolated in the
Upper Guinea Forest.1–4 In terms of
total biomass, these monkeys are
evolutionarily successful mammals.
Their community composition mir-
rors the pattern of primate faunas in
other African forests.5 Of the four
guenon species present, one, Cercopi-
thecus nictitans stampﬂii, is found at
low densities only in the park’s
northern latitudes (Fig. 1a). The
three remaining guenon species are
much more abundant and found
throughout the forest. The most con-
spicuous of these is the Diana mon-
key, Cercopithecus diana, a brightly
colored, loud, active primate that
moves quickly and easily throughout
all forest layers (Fig. 1b). Campbell’s
monkey, Cercopithecus campbelli
(Fig. 1c), and the lesser spot-nosed
monkey, C. petaurista (Fig. 1d), are
more subdued in virtually all aspects
of their behavior and appearance,
and have adopted more cryptic life-
styles. The fourth cercopithecine is
the sooty mangabey, Cercocebus atys
atys (Fig. 1e). This papionin is the
largest and only terrestrial monkey
at Taı¨, making its living on foods
gleaned from the forest ﬂoor.6,7
Taı¨ is one of the few forests where
three colobine species live sympatri-
cally. The dominant species is the
Western red colobus, Procolobus bad-
ius (Fig. 1f). In areas where human
poaching has not altered the forest’s
natural balance, red colobus are the
most abundant monkeys, comprising
the largest percentage of primate
biomass. Taı¨ red colobus live in
large, loud groups that spend most
of their time in the main canopy.
The Western black-and-white or King
colobus, Colobus polykomos, (Fig.
1g), lives in smaller, quieter groups.
Black-and-white colobus use all for-
est levels, particularly the emergent
layer, for morning sunning; the
understory, is often used for foraging
on liana leaves. The third colobine,
the olive colobus Procolobus verus
(Fig. 1h), is a peculiar monkey that
has fascinated researchers since the
pioneering studies of Booth.8–11 Olive
colobus are not only the smallest
colobines, but the only anthropoids
known to carry dependent young in
their mouths. These elusive primates
are the most active leapers at Taı¨.
They spend most of their time in the
understory, where they frequent vine
tangles and other areas of dense veg-
etation. Table 1 summarizes some of
the key species characteristics.
SOCIOECOLOGY
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and determines levels of sociality
within and between sexes.19–23 When
food is distributed in patches that
exceed the feeding requirements of a
single group, groups will be large.
Also, competition between females
will be low both within and between
groups. Under these conditions,
females develop little interest in each
other and complex social behavior is
less likely to evolve. If access to food
is linked to high travel costs, groups
will be smaller and females will ben-
eﬁt from each other’s support, both
to defend resources against other
group members and against neigh-
boring groups. Consequently, com-
plex social skills are likely to emerge
and be selected for. The dietary di-
versity and array of social systems at
Taı¨ provides an excellent opportunity
to test this general model.
The four Taı¨ guenons rely to vary-
ing extents on fruits that typically
are available in isolated patches
and that require signiﬁcant travel
between food trees (Table 1).24–28
Fleshy fruits preferred by guenons
are high quality and of limited avail-
ability, not abundant enough to sup-
port large aggregations of individu-
als. Consequently, these fruits are
worth defending. All guenon groups
are relatively small; they consist of
related females and a single adult
male. The spatio-temporal availabil-
ity of food limits viable group size to
approximately 20 individuals. Inter-
group competition is high. Episodes
of resource scarcity are common
and, during these times, guenons
employ various fallback foods (for
example, invertebrates) and become
highly intolerant of competitors.29
Although the guenons’ patchy and
contestable diets should, in theory,
promote high degrees of sociality,
guenons are not known for complex
social behavior; their levels of intra-
group social interactions are consid-
erably lower than those of other fru-
givorous cercopithecids such as mac-
aques and baboons.17 They exhibit
little evidence of sophisticated behav-
iors such as intragroup coalition for-
mation or tactical deception.30 One
explanation is that the behavioral
cues used by forest guenons are so
subtle that humans ﬁnd it difﬁcult to
discern them. Indeed, recent studies
Figure 1. a: Stampﬂii’s putty-nosed guenon, Cercopithecus nictitans stampﬂii. b: The Di-
ana monkey, Cercopithecus diana diana. c: Campbell’s monkey, Cercopithecus camp-
belli. d: The lesser spot-nosed monkey, Cercopithecus petaurista. e: The sooty mangabey,
Cercocebus atys. f: The Western red colobus, Procolobus badius badius. g: The Western
black-and-white or King colobus, Colobus polykomos. h: The olive colobus monkey, Pro-
colobus verus.
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on captive Campbell’s monkeys have
revealed surprisingly sophisticated
social behavior among female gue-
nons, suggesting that we may be
missing many of the less overt, but
no less important, social interac-
tions.31,32
Coalitionary behavior at Taı¨
emerges primarily during intergroup
interactions when females regularly
ﬁght with those in neighboring
groups over access to food trees.17,33
These interactions can be extreme:
Adult females have been observed to
kill those of neighboring groups.34
Thus, while rates of intragroup inter-
actions appear to be low, guenon
females will coordinate their activ-
ities, and with deadly force, when
their resource base is threatened. In
contrast, adult males in all four
guenon species show little interest in
social interactions, almost never
grooming and rarely attacking other
group members.17 This tendency is
particularly marked in Diana mon-
keys. As Buzzard notes, Diana mon-
key males are far less integrated into
their groups than are the males of
other Taı¨ guenon species, rarely par-
ticipating in intergroup encounters.17
Diana monkeys are the most frugivo-
rous of the Taı¨ guenons. Also, their
groups are larger than those of both
the lesser spot-nosed monkey and
Campbell’s monkey. Diana monkeys
consistently dominate the other gue-
non species, particularly Campbell’s
monkeys, with which dietary overlap
is greatest.26
Although sooty mangabeys are also
highly frugivorous, these papionins
feed on hard, bitter fruits acquired
from the forest ﬂoor. Intra-group
feeding competition is comparatively
low.35–44 Resource contestability is
not as great a constraint on group
size, so that mangabey groups, some-
times numbering over 100 individu-
als, are the largest of any Taı¨ primate
(Table 1). During periods of extreme
resource scarcity, mangabey groups
often divide into subgroups. Forag-
ing and traveling on the ground is
energetically more efﬁcient than is
arboreal locomotion, allowing sooty
mangabeys to cover larger home
ranges and gain access to a greater
number of food trees at compara-
tively low costs. However, terrestrial
foraging and locomotion is associ-
ated with high predation risk.
Indeed, sooty mangabeys at Taı¨
suffer particularly high predation
rates.13,45–49 The large size of sooty
mangabey groups at Taı¨ can be
viewed as a response to two associ-
ated factors: less contestable resour-
ces and the potential dangers associ-
ated with acquiring those resources
from the ground.
While moderate feeding competi-
tion appears to limit the need to de-
velop complex social behavior, sooty
mangabeys are, nevertheless, highly
social primates. Males and females
form well-differentiated relationships
with preferred partners and support
each other during conﬂicts.41 Indi-
viduals form stable dominance hier-
archies and well-differentiated rela-
tionships with preferred partners.
These relationships follow patterns
resembling those observed in other
matrilineal primate species.38,39
Access to food and to preferred feed-
ing sites is rank-related and high-
ranking members tend to be sur-
rounded by multiple group members
near the group’s center. High-rank-
ing males are preferred by females.
If high-ranking females beneﬁt by
having access to priority feeding
sites, and if these sites afford better
predator protection, then social strat-
egies that lead to ascendency in
social status should result in
increased reproductive success.41
Studies designed to test the associa-
tions between rank, feeding priority,
and reproductive success are cur-
rently underway at Taı¨.
The three colobines species have
strongly contrasting diets and show
great variation in their social sys-
tems.50 Taı¨ red colobus rely on foods
that are abundant and readily acces-
sible. Because food patches are close
together, red colobus travel costs are
low. The socio-ecological model pre-
dicts that red colobus groups will be
large and that afﬁliative relationships
among females will be weak. The
model is strongly supported by data
from Taı¨; red colobus groups often
number close to one hundred indi-
viduals and afﬁliative behavior
among females is uncommon. Due to
the abundance of their food supply,
females have little need to defend
food and red colobus are one of the
few cercopithecids in which male
philopatry is the general rule.
Females groom males more often
than they groom other females; coa-
litionary behavior between females is
rare. At Taı¨, females have never been
observed participating in intergroup
encounters. The territories of neigh-
boring groups do not strongly over-
lap and territory defense is solely a
male activity. Males regularly engage
in agonistic interactions during
which they form coalitions with each
other. Male-male embracing and
grooming is common. Males also
cooperate with each other in preda-
tor defense, particularly against
crowned eagles.
The foods preferred by black-and-
white colobus are more widely dis-
tributed, unpredictable, and contest-
able. Groups of this species are more
territorial; intergroup encounters are
comparatively frequent and aggres-
sive episodes between groups usually
involve both males and females.51
Consistent with socio-ecological
theory, groups of Colobus polykomos
are small and comprised of related
females that aggressively defend
patchy resources that include highly
prized seeds. Despite a strong reli-
ance on seeds from fruit, intragroup
aggression between females is rare.
Indeed, females groom each other
more than they groom males. Korst-
jens50 attributes the reduced aggres-
sion to the long processing times
required by the most contestable
food items, the seeds of Pentaclethera
macrophylla. Monkeys routinely take
ﬁfteen minutes or more to remove
the ﬂat, poker-chip-sized seeds from
their woody husks. Because the seeds
are small, they cannot be shared,
which reduces the potential for con-
ﬂicts and keeps groups small. Con-
testability between groups is a differ-
ent matter, with female black-and-
white colobus frequently attacking
those in other groups. Thus, while
black-and-white colobus females do
not cooperate to defend food within
groups, they readily cooperate to
defend food against outsiders. Addi-
tional features supporting the notion
that this species is adapted to living
in small groups are that males have
relatively small testes and females
4
display no obvious signs of estrus
(Table 1). Sexual dimorphism in
body size is the greatest among all
Taı¨ colobines, suggesting that males
have been selected to compete with
each other to monopolize a group of
females.
Olive colobus have diets consisting
largely of young leaves. We would
expect small groups to form around
such ephemeral and patchy resour-
ces and, indeed, olive colobus groups
are the smallest of any Taı¨ cercopi-
thecid (Table 1). Such modest group
sizes with single males make sense
in terms of resource distribution.
However, olive colobus display
several features indicative of large
multi-male groups.51 Body size
dimorphism is small, yet males
have large testes and females de-
velop impressive sexual swellings
to advertise their estrous. Individ-
uals from all age-sex classes dis-
perse and neither sex can be
considered philopatric.52,53 Females
show hardly any afﬁliative inter-
actions with each other, while
males are not only tolerant of
each other, even in mating con-
texts, but are known to form
alliances.53
One explanation for this unusual
pattern of dispersal and group for-
mation is that olive colobus do, in
fact, form multi-male groups, but
that individuals in these groups are
distributed across groups of another
species.52 At all sites where olive
colobus are sympatric with Cercopi-
thecus diana, Diana monkey groups
typically have one or more olive colo-
bus males and several adult females
attached to them.54 These bi-speciﬁc
associations are a behavioral strategy
in which olive colobus co-mingle
with Diana monkeys for predator
protection.55 Associations between
the two species range from short
admixtures during the olive colobus
estrus period to those lasting several
years or more.16,52 Even as adults,
both male and female olive colobus
move between Diana monkey groups,
where migrating members have a
high chance of meeting members of
the opposite sex.52,53 Bi-male groups
are common and the dispersal of
females across several Diana monkey
groups may make it impossible for a
single male to monopolize multiple
females. In groups containing more
than one adult male, males are
known to cooperate during inter-
group encounters; pairs of males will
jointly threaten and chase individu-
als in neighboring groups during
aggressive episodes. There is no evi-
dence that olive colobus seek Diana
monkeys for foraging beneﬁts. Olive
colobus social units are formed
around Diana monkeys and in this
scenario the limiting resource is not
food, but the protection afforded by
another species.
Our observations suggest that the
quality and distribution of a species’
diet, as well as its general anti-predator
At all sites where olive
colobus are sympatric
with Cercopithecus
diana, Diana monkey
groups typically have
one or more olive
colobus males and
several adult females
attached to them.
These bi-specific
associations are a
behavioral strategy in
which olive colobus
co-mingle with Diana
monkeys for predator
protection.
strategy, have a signiﬁcant impact on
the maximum group size that can be
realized. High degrees of frugivory
limit group size in most Taı¨ prima-
tes, while low-quality foods, includ-
ing the hard, bitter fruits preferred
by mangabeys, tend to favor larger
groups. Olive colobus monkeys are
an interesting exception because,
although this species shows all the
hallmarks of a large multi-male
multi-female social system, individu-
als aggregate in very small and
unstable groups, almost always in
close proximity to a Diana monkey
group. Complex social behavior is
more commonly seen in large group
species, regardless of species-speciﬁc
diet differences, but the two sexes
are often affected in different ways.
Predation pressure is equally high
for all Taı¨ primates, but fails to
explain species differences in group
size.
PREDATION
Adaptations to Predation
Chimpanzees, crowned eagles (Ste-
phanoaetus coronatus), leopards and,
more recently, human poachers form
a complex predator fauna at Taı¨.
Long-term observations and natural
experiments involving the manipula-
tion of predator effects have revealed
several mechanisms that monkey
species use to counter predation.
These data can be compared with
known predation rates in direct
assessment of the effectiveness of
several common anti-predation adap-
tations.
Group size
A central tenet of animal behavior is
that gregariousness evolved wholly
or in part as a response to predation
pressure.56 Group living offers a vari-
ety of advantages. If monkeys can
increase their safety by living with
others, predation should favor the
evolution of large groups. The most
obvious beneﬁt of increased group
size is numerical: Individual risk of
death by a predator declines as
groups become larger, a principle
known as the dilution effect. All Taı¨
cercopithecids live in groups; the
only solitary individuals normally
observed are young adults transfer-
ring from their natal groups. (The
major exception to this pattern is
the olive colobus monkey. Individu-
als of all age/sex classes have been
observed migrating.) Species group
sizes vary considerably (Table 1), but
our data indicate that individuals in
large groups are not better protected
than those in small groups. Preda-
tion by crowned eagles does decline
with increasing group size, but this
is true only for arboreal species.
Sooty mangabeys have the largest
5
groups of all the Taı¨ cercopithecids,
but are killed by crowned eagles at
rates signiﬁcantly higher than their
densities predict.45,46 Similarly, the
percentage of the red colobus popu-
lation captured by chimpanzees
(3.2%) is signiﬁcantly higher than
that of black-and-white colobus
(1.4%), despite the much larger
groups in the former.50 The pattern
is similar for leopard predation: Spe-
cies living in larger groups are at
much higher risk than those living in
smaller groups.13 For leopards, dif-
ferent prey species may even be in
competition with each other to avoid
preference formation,47 with species
living in smaller groups appearing to
be at an advantage.
Janson57,58 explored this paradox
by employing the concept of
‘‘intrinsic predation risk,’’ which con-
siders predator densities, attack rates
of individual predators, attack suc-
cess, and individual prey vulnerabil-
ity. Using life-history data, his model
predicts that because of the signiﬁ-
cant size disparity between most
predators (large) and their prey
(smaller), intrinsic predation rates
should not decrease signiﬁcantly
with body size. Janson57 reasoned,
‘‘If predation risk does not decline
while longevity increases with
increasing body mass, then larger
species will pay the cost of high pre-
dation rates over more years than
will smaller species, and thus will
gain a greater ﬁtness beneﬁt by
reducing predation rates to low val-
ues. This trend should favor
increased sociality in larger species
even if intrinsic predation risk de-
clines slightly with body mass’’ (p.
131). The size disparity between some
predators, such as chimpanzees and
leopards, and their monkey prey is
considerable, which is consistent with
the model’s assumptions. When body
sizes of crowned eagles and their pre-
ferred primate prey are considered, the
scenario becomes more complex.
Body size
Body size (Box 1) is frequently cited
as a direct adaptation to predation,
based on the notion that larger indi-
viduals are at less risk than smaller
ones.59–61 Although this may be true
for a broad range of animals, the hy-
pothesis is difﬁcult to defend with the
Taı¨ monkeys since chimpanzees, leop-
ards, and crowned eagles prey on
monkeys of all sizes, including full-
grown adult males.45 Moreover, two
of the three main monkey predators,
leopards and chimpanzees, appear to
prefer the larger monkey species.
Taı¨ leopards are known to favor
large prey and are particularly suc-
cessful at killing red and black-and-
white colobus monkeys (Fig. 2a).13,47
Chimpanzees preferentially hunt red
and black-and-white colobus but are
rarely successful at capturing the
smaller, more agile guenons (Fig.
2b).62–64 Crowned eagles routinely
capture all monkey species, and while
Body size is frequently
cited as a direct
adaptation to predation,
based on the notion that
larger individuals are at
less risk than smaller
ones. Although this
may be true for a broad
range of animals, the
hypothesis is difficult to
defend with the Taı¨
monkeys. . .
there is a negative relationship
between the number of arboreal
monkeys killed by eagles and body
size, the relationship dissolves when
terrestrial mangabeys are included in
the analysis (Fig 2c).65,66 Monkey-
eating eagles at Taı¨ speciﬁcally target
mangabeys, the largest monkey in
the forest, most likely due to their
substrate preference.45,46 The conclu-
sion from these data is that the
major monkey predators produce a
selection pressure that favors small
rather than large body size. Large
body size, when considered alone, is
not an effective deterrent to preda-
tion at Taı¨.
Crypsis and responses
to predators
Many primates make consistent
efforts to remain inconspicuous.57
Crypsis can be an effective strategy if
behaviors that reduce the likelihood
of detection do not compromise feed-
ing and reproduction. One of the
simplest measures of a species’ reli-
ance on crypsis is how easily unhabi-
tuated groups can be located. Olive
colobus lead extremely cryptic lives
and unhabituated individuals are dif-
ﬁcult to ﬁnd. Diana monkeys and red
colobus, on the other hand, are eas-
ily detected by the commotion of
their daily routines. Both species
produce frequent, highly audible
calls, move noisily through the main
canopy, and make little attempt to
remain hidden. The black-and-white
colobus and other guenon species
are intermediate in their general
crypsis. Groups of these species can
usually be located only after the
adult male in a group produces loud
calls. Mangabeys are also relatively
cryptic, particularly given their large
group size and substrate preference.
Morphological and behavioral
crypsis is correlated with habitat
preference among the Taı¨ cercopithe-
cids. The loudest, most conspicuous,
brightly colored monkeys, red colo-
bus and Diana monkeys, are typically
found in the highest portions of the
canopy, while monkeys preferring
lower forest levels have adaptations
that draw less attention to them-
selves. Species frequenting the
understory, among them olive colo-
bus, Campbell’s monkey, and lesser
spot-nosed monkeys, are not brightly
adorned, produce fewer and softer
vocalizations, and engage in more
stealthy locomotion. Adaptations that
increase a monkey’s ability to avoid
being detected may, of course, be
dictated by other ﬁtness components,
such as foraging behavior, or may
also reﬂect the proximity of per-
ceived dangers. If the latter is true,
then the more subdued markings
and behavior of olive colobus,
Campbell’s monkey, and the lesser
spot-nosed monkey might indicate
that the low forest levels they
frequent most often pose greater
predator risks than does the high
6
canopy.59,60 Testing this hypothesis
requires comparing the frequencies
of attacks on primates at different
forest levels.
Despite their varied reliance on
crypsis, monkeys of all species, once
they have detected a predator,
respond to its presence in generally
uniform ways. These responses are
determined by the hunting strategies
of the three main monkey predators,
each of which is likely to have
exerted different selection pressures.
The presence of chimpanzees elicits
cryptic behavior in all monkey spe-
cies; after a brief alarm call is
sounded, groups of all species
become silent. This common strategy
has most likely evolved because
chimpanzees hunt by locating mon-
keys through auditory cues and will
continue pursuing even after being
detected. Sustained alarms by mon-
keys would serve only as locational
beacons.
Leopards, in contrast, are ambush
hunters; they hide in thick vegetation
to stalk and attack monkeys foraging
in the low canopy or on the ground.
Because of this, leopards rely
strongly on surprise. Monkeys detect-
ing leopards tend to produce sus-
tained alarm calls, most likely as a
means of signaling the leopard that
it has been discovered. During
encounters with leopards, monkeys
routinely descend to low forest levels
and direct alarm calls at the threat.
Radio-tracking data have shown that
this strategy is highly effective, with
forest leopards usually leaving an
area after receiving monkey alarm
calls.13,47
Crowned eagles also depend on
surprise, sitting motionless in appa-
rent attempts to ambush unsuspect-
ing monkey groups. All monkey spe-
cies typically respond to crowned
eagles with sustained alarm calls,
while adult males of several species
are known to attack these raptors.
Adult male black-and-white colobus
will not hesitate to charge directly
at crowned eagles while emitting
their roaring calls, suggesting that
these calls function not only as sig-
nals to deter the predator, but also
to warn group members about the
nature of the danger. These obser-
vations indicate that, regardless of
the usual crypsis of each monkey
species, once a predator has
been detected tendencies to remain
cryptic or advertise perception are
consistent across species and are a
function of the hunting idio-
syncrasies of the three individual
predators.
Figure 2. a: Relationship between leopard predation and body size of Ta«| monkeys.13 b:
Relationship between chimpanzee predation and body size of Ta«| monkeys.61 c: Rela-
tionship between eagle predation and body size of Ta«| monkeys.45,63
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Polyspeciﬁc associations
Mixed-species associations are a
behavioral maneuver that provides
safety-in-number beneﬁts, including
heightened vigilance, early warning,
and dilution. There is considerable
evidence that the high frequencies of
polyspeciﬁc associations at Taı¨ are
not caused by attraction to common
dietary resources or the result of
chance encounters, but are, rather, a
direct adaptation to predator pres-
sure.24,25,67–69 If predation favors the
formation of mixed species groups,
then differences in association rates
should vary with predation pressure.
Two examples provide strong sup-
port for this notion.
Red colobus monkeys are the pre-
ferred monkey prey of Taı¨ chimpan-
zees. Experimental evidence has
shown that of all the arboreal cerco-
pithecids, Diana monkeys are the
best at detecting predators, including
chimpanzees, approaching from the
ground.70 During the season when
chimpanzees hunt monkeys, associa-
tions between red colobus and Diana
monkeys reach their highest levels.
During the season when chimpanzee
communities are dispersed and
opportunities for males to form
cooperative hunting parties are re-
duced, association rates between Di-
ana monkeys and red colobus are
lowest. The tendency for red colobus
to seek the protection of Diana
monkeys during chimpanzee hunts
has been experimentally manipulated
using playbacks of chimpanzee vo-
calizations. During the nonhunting
season, when red colobus and Diana
monkey groups are not mixed, chim-
panzee playbacks immediately cause
red colobus to seek the proximity of
nearby Diana groups. If the two spe-
cies are already associated, red colo-
bus maintain the association for sig-
niﬁcantly longer than they would
have if chimpanzee vocalizations had
never been produced. These associa-
tions have nothing to do with diet,
but rather are a function of the Di-
ana monkeys’ ability to serve as early
warning mechanisms.71
Mixed-species associations are
known to occur even between species
with similar diets and habitat use
patterns. As noted, Stampﬂii’s putty-
nosed monkeys occur only in north-
ern portions of Taı¨ National Park
and at very low densities, most likely
because they have lost their natural
habitat in the forest-savannah transi-
tion zone. The disjunct distribution
of putty-nosed monkeys across West
Africa has been explained as a func-
tion of competitive exclusion by Di-
ana monkeys.72–75 Also, observations
at Taı¨ conﬁrm that the two guenons
occupy virtually identical niches and
have strongly overlapping home
ranges.29,76 Despite their ecological
similarity, the two species can still
None of the Taı¨
primates has evolved
specialized
morphological
anti-defense weapons.
Also, monkeys probably
do not have access to
as many safe
microhabitats as do
some other animals. We
contend that the primary
way in which Taı¨
monkeys deal with
predation is by means
of their cognitive skills.
form near-permanent mixed-species
associations. Diana monkeys do
become intolerant of putty-nosed
monkeys during periods of low fruit
availability, yet agonistic encounters
are relatively rare.29 There is good evi-
dence that Diana monkeys accept the
presence of competing putty-nosed
monkeys because they provide anti-
predation beneﬁts. Putty-nosed mon-
keys are one of the few Taı¨ primates
that will aggressively attack crowned
eagles. We have witnessed simultane-
ous attacks on eagles by the males of
mixed groups of putty-nosed and Di-
ana monkeys. In addition, playback
experiments demonstrate that putty-
nosed monkeys produce eagle alarm
calls that Diana monkeys recognize
and respond to.29 In this case, Diana
monkeys absorb the cost of feeding
competition from putty-nosed mon-
keys because of the anti-predation
beneﬁts afforded by the latter.
COGNITION
Compared to most other animals,
primates are unusual in the high
amount of energy they devote to
their brains.77 What are the advan-
tages of having a large and metabol-
ically expensive brain? One popular
idea is the social-intelligence hypoth-
esis, which states that ‘‘the higher
intellectual faculties of primates have
evolved as an adaptation to the com-
plexities of social living.’’78 Higher
intellectual facilities allow an individ-
ual to navigate its social world effec-
tively by better recognizing others’
social relations and predicting their
behavior. In Taı¨, where socially com-
plex problems regularly emerge when
monkeys interact with other species,
we suspect that predation is a major
driving force behind much of their
behavioral complexity.79 None of the
Taı¨ primates has evolved specialized
morphological anti-defense weapons.
Also, monkeys probably do not have
access to as many safe microhabitats
as do some other animals. We con-
tend that the primary way in which
Taı¨ monkeys deal with predation is by
means of their cognitive skills. For
example, diurnal primates cannot hide
in a burrow to avoid an approaching
predator, but must continuously mon-
itor the threat’s location and behavior
while simultaneously adjusting their
own behavior. Among the Taı¨ mon-
keys, as in many organisms, there is
good evidence of a sophisticated
understanding of a predators’ hunting
behavior, as well as the relationship
between each predator and its differ-
ent prey species. The following exam-
ples illustrate these points.
As noted, red colobus monkeys are
heavily preyed on by chimpan-
zees.80,81 Taı¨ chimpanzees search for
red colobus groups by auditory cues.
Once a group is located, hunting par-
ties approach silently and ascend
trees in hopes of isolating individual
prey. Upon hearing chimpanzees at
a distance, red colobus monkeys
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usually move silently through the
canopy in the opposite direction.
However, if Diana monkeys are
nearby, red colobus move toward the
Diana monkeys even if it means
moving in the direction of the
approaching chimpanzees, probably
because Diana monkeys are excellent
sentinels that produce brief but rec-
ognizable alarm calls if they visually
spot a chimpanzee. Alert monkeys,
including those of a different species,
make hunting more difﬁcult. The
presence of Diana monkeys seems to
deter chimpanzees from hunting.68
Diana monkeys are able to assess
the chances of an impending attack
by attending to the chimpanzees’
vocal behavior. The Diana monkeys’
main response to chimpanzees is to
become cryptic. This behavior is usu-
ally followed by one adult female giv-
ing several conspicuous alarm calls,
behavior that can be experimentally
elicited by playing back typical vocal-
izations of chimpanzees, such as
pant hoots or social screams.82,83
Chimpanzee screams are a highly
variable class of vocalizations con-
taining information about the exter-
nal situation to which a caller is
responding. For example, individuals
engaged in agonistic interactions
produce screams that are acousti-
cally different depending on whether
they act as aggressors or victims.84
Chimpanzees also produce screams
in alarm situations, particularly
when encountering a leopard. A play-
back experiment has shown that Di-
ana monkeys discriminate between
chimpanzees’ agonistic and alarm
screams, although the two signals
are acoustically very similar. More-
over, Diana monkey groups having
home ranges in the core area of the
resident chimpanzee community
were better at discriminating
screams than were Diana monkey
groups living at the periphery.85,86
The only way to learn how to dis-
criminate between the two chimpan-
zee scream types is by directly
observing an interaction between a
leopard and chimpanzees, and this is
likely to happen more frequently in
the chimpanzees’ core area.
A third study reinforces the notion
that awareness of another species’
predator detecting capabilities can
be used to expand one’s habitat use.
Taı¨ red colobus prefer the main can-
opy, foraging only occasionally in
the shrub and ground layers. Sooty
mangabeys obtain most of their food
from the ground. Their home ranges
overlap those of several groups of
other species, including red colobus.
Because of the disparity in home
range size, red colobus groups do
not encounter sooty mangabeys on a
regular basis. However, when the
foraging routes of mangabeys bring
them into polyspeciﬁc association,
red colobus respond by dramatically
altering their habitat use, descending
to low understory levels and the
ground. We strongly suspect the
reaction of red colobus is due to
their knowledge of the leopard-
detecting abilities of mangabeys.87
During experimental trials, sooty
mangabeys consistently responded to
an approaching leopard threat not
only by producing alarm calls before
any other monkey species noticed
the threat, but also doing so from
much greater distances. Sustained
activities at low forest levels by red
colobus are rarely, if ever, observed
when mangabeys are absent, suggest-
ing that red colobus recognize the
early warning capabilities of manga-
beys and take advantage of manga-
bey sentinel abilities by using an other-
wise dangerous area of the forest when
mangabeys are in the vicinity.
DISCUSSION
Taı¨ monkeys live in a variety of
social organizations, ranging from
small family groups (olive colobus)
to polygynous one-male groups (all
four guenons, black-and-white colo-
bus monkeys), to large multi-male,
multi-female groups (red colobus,
sooty mangabeys). Predation rates
alone, as distinguished from pre-
dation risk,58 cannot explain these
differences in social organization.
Strong reliance on fruit leads to high
intragroup contest competition, which
limits the maximum number of
females per group. We observe this
pattern in the four guenon species
and the black-and-white colobus
monkeys, all of which have large pro-
portions of fruit in their diet and
typically live in polygynous groups
with ten or fewer females that are
hostile to their neighbors.
Sooty mangabeys also consume
much fruit, but have specialized on
low-quality items collected from the
forest ﬂoor, which are difﬁcult to
process and usually are not con-
sumed by other primates. Their ter-
restrial locomotion is energetically
efﬁcient, but also dangerous. Sooty
mangabeys can cover large distances
but suffer substantially from preda-
tion by eagles and leopards. Low
feeding competition, large home
ranges, and high predation pressure
induce females to live in large
groups, leading to the large multi-
male, multi-female groups observed
in this species. At present, we are
unable to determine whether feeding
ecology or predation pressure was
the primary selective force favoring
larger groups in sooty mangabeys.
Olive colobus live in the smallest
groups, but because they often asso-
ciate with Diana monkeys, groups
are forced to split into small and rel-
atively unstable subgroups. Red colo-
bus monkeys appear to be the least
constrained by these factors, and the
species is regularly found in large
groups consisting of more than ﬁfty
individuals.
A species’ mating system, dispersal
pattern, and general social behavior
follows more or less directly from
female group size. If female group
size increases beyond ten or so indi-
viduals, single males will ﬁnd it
increasingly difﬁcult to monopolize
them and protect their offspring
from infanticidal intruders. In poly-
gynous species, adult males are
generally intolerant toward adult
same-sex group member, and will
eventually expel their adolescent
male offspring, as do the guenons
and black-and-white colobus mon-
keys. Consequently, female philopa-
try and male dispersion is the rule in
most primates; female dispersion is
the exception. If access to food is
competitive, individuals will be
forced to interact with each other
and social skills will evolve, allowing
individuals to form differentiated
relationships. In large multi-male
groups, males will compete over
access to estrous females, which will
favor the evolution of social skills in
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BOX 1: Diet, Body Size, and Positional Behavior
A central goal of primatology is
to establish predictive associations
between variables in extant taxa in
order to make more accurate inter-
pretations of fossil behavior. No
variable is more important in this
regard than body size, so it is
worthwhile to examine the extent
that species differences in body
size co-vary with characteristics of
diet, foraging behavior, and habi-
tat use.
Despite pronounced dietary dif-
ferences among the Taı¨ monkeys
(Table 1), there are no simple
associations between major food
categories and body size among
the Taı¨ cercopithecids. Moreover,
the colobine ¼ folivore/cercopithe-
cine ¼ frugivore dichotomy is not
only over simplistic, but obscures
important interspeciﬁc variation
and is, in many instances, com-
pletely inaccurate.89 The most fru-
givorous monkeys, Diana monkeys
and sooty mangabeys, eat similar
quantities of fruit, but mangabeys
weigh more than twice as much as
Diana monkeys do. The body
weight of the most folivorous mon-
key, the olive colobus, falls within
the range of the Taı¨ guenons, each
of which is characterized by a
unique dietary proﬁle. Insects
make up one-third of the diet of
Campbell’s monkeys, while the
same-sized lesser spot-nosed mon-
key eats 8% fewer leaves than does
the much larger black-and-white
colobus. The fact that the diminu-
tive olive colobus eats more than
twice the amount of leaves as do
the larger colobines is further
proof that folivory need not
increase with body size, a point
highlighted by others.90,91 The
guiding principle is that potential
diet quality, independent of food
category, should decline as body
size increases. The young leaves
preferred by olive colobus may in
fact be of higher quality than
many foods, including some fruits,
preferred by other sympatric cer-
copithecids. In addition, the lack
of a strong association between
body size and diet in the Taı¨ mon-
keys is likely due to the ﬂexibility
of cercopithecids’ diets, a point
that has been well established else-
where. For example, long-term
data from Uganda’s Kibale Forest
demonstrate that dietary variation
within species routinely exceeds
that between species.89,92,93
Given the poor correlation
between diet and body size, it is
not surprising that relationships
between diet and locomotor behav-
ior in the Taı¨ cercopithecids are
also weak (Fig. B1). Differences in
locomotor tendencies are well
established (Table 1), but overall
locomotor proﬁles do not co-vary
consistently with dominant ele-
ments of diet, nor is diet an accu-
rate predictor of any single behav-
ior such as leaping.14,94–96 What
becomes apparent is that there are
Figure B1. The association between diet and locomotion is weak among the Ta«|
cercopithecids and most other primate groups.93
Figure B2. The association between diet and posture is stronger. Elevated rates of sit-
ting in black-and-white colobus are a product of a folivorous diet and reliance on
highly prized fruits that requires long processing times. Accessing the seeds of a single
Pentaclethera macrophylla fruit, seen suspended, routinely requires 15 minutes or
more.
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males. When weak female-female rela-
tions due to low feeding competition
are combined with strong male-male
relations due to mating competition,
they determine whether female disper-
sal and male philopatry will emerge in
a species, as observed most clearly in
red and olive colobus monkeys.
All three colobine species have been
observed in multi-male groups, but
the trait is habitual only among red
colobus. The most likely explanation
is that all three species are derived
from a multi-male ancestral species,
but that under current conditions this
mating system is viable only for red
colobus. Long-term observations sup-
port this hypothesis. Female dispersal
has been observed in all colobine spe-
cies; it is a regular occurrence in both
red and olive colobus and is occasion-
ally seen in black-and-white colo-
bus.16 As predicted, female relation-
ships are relatively weak among all
three colobines species and female-
female interactions are rare.16 In con-
trast, and consistent with their dis-
persal patterns, males in both olive
and red colobus groups regularly
interact with each other.
By monopolizing access to rela-
tively high-quality nutrition, mon-
keys are able to afford large brains,
allowing them to develop complex
behavioral strategies in response to
important environmental problems.
Among the Taı¨ monkeys, many social
problems center on understanding
relations between other species and
predicting their behavior. Such cog-
nitive challenges are particularly im-
portant in the context of predation.
Predation is an extremely important
and domineering daily factor in the
lives of the Taı¨ monkeys. Long-term
data indicate that those monkey spe-
cies with the highest predation risk
form the largest groups, as theory
predicts.13,57,58 Predation has led to a
host of adaptations, including so-
phisticated warning and vigilance
behavior, suggesting that the evolu-
tionary effects of predation on these
monkeys have been especially signiﬁ-
cant at the cognitive level. Taı¨ mon-
keys differ in how much emphasis
they put on cryptic behavior, which
is strongly associated with their eco-
logical niche. Foraging in the high
forest canopy is associated with con-
spicuous morphology and behavior,
while foraging in dense lower por-
tions of the canopy is associated with
adaptations that favor crypsis.
In sum, long-term studies at Taı¨ by
many researchers have yielded
results that are consistent with theo-
retical expectations, as well as others
that are at odds with prevailing mod-
els. For example, multiple data sets
support the hypothesis that philopa-
try is a byproduct of strongly devel-
oped social relations with other group
members of the same sex. Frequent
social interactions favor the evolution
of social intelligence. However,
whether adolescent males or females
leave their natal group depends on
the development of social networks
that are determined by dietary con-
siderations. At Taı¨, large-bodied mon-
keys and individuals found in the
largest groups experience the greatest
predation risk; our data indicate that
individuals in these classes are tar-
geted more often by several primate
predators. Predation pressure has
been critical in the development of
behavior ﬂexibility, as well as a host
of underlying cognitive skills across
the Taı¨ cercopithecids. Additional
long-term data on sociality, responses
to resource ﬂuctuations, and preda-
tion rates, combined with experimen-
tal manipulations of predation effects,
should provide further insight into
how the behavior of forest-dwelling
monkeys is shaped by a complex of
evolutionary forces.
Our research to date on the rela-
tionship between resource distribution
and competitive regimes across the
seven Taı¨ cercopithecids has been
guided by several inﬂuential models
directly linking sociality and ecology.
Although these constructs have been
valuable templates for testing hypoth-
eses, variations on the model need not
be viewed as ‘‘exceptional’’; they also
should not serve as an impetus to
adjust models so they better accom-
modate the data. Perhaps a more hon-
est approach is to acknowledge that a
single socioecological model cannot
accommodate the diversity of relation-
ships within the Order, a point
recently made in this journal.88
multiple locomotor avenues for
monkeys with similar diets to meet
their nutritional needs. At the
same time, species with similar
locomotor behaviors often have
strongly contrasting diets. These
conclusions are consistent with
broader surveys that have found
few correlates between feeding
and locomotion.97 Within this
array of taxa, locomotion has less
to do with foraging than with
long-distance travel between sites
and anti-predator adaptations that
include cryptic, stealthy move-
ment.
Studies of posture provide more
promising links between diet, for-
aging behavior, and positional
behavior.96,98 High frequencies of
sitting are associated with both
folivorous and frugivorous diets
when the latter includes fruits
requiring long handling times. The
three colobine species are the most
folivorous monkeys and have the
highest sitting frequencies. Black-
and-white colobus also rely to a
great extent on Pentaclethera mac-
rophylla seeds.99–103 These seeds
are housed in large woody pods
that require extended processing
times and are accompanied by
long bouts of sitting (Fig. B2). The
frequent sitting postures that char-
acterize black-and-white colobus
are therefore as much a function
of highly prized and labor inten-
sive fruits as they are related to
folivory.101–104 Most other arboreal
monkeys with large frugivorous
components sit less and have posi-
tional repertoires that include ele-
vated frequencies of standing and
other ‘‘upright’’ postures. Such
positions facilitate rapid, efﬁcient
movement to the next feeding
source. Taken together, postural
tendencies have less to do with
body weight than with the spatial
distribution, processing require-
ments, and competition accompa-
nying different food types.
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